Purpose: This study examined the effects of sprint running training on sloping surfaces (3°) on selected kinematic and physiological variables. Methods: Fifty-four sport and physical education students were randomly allocated to one of two training groups (combined uphill-downhill [U+D] and horizontal (H)) and a control group (C). Pre-and posttraining tests were performed to examine the effects of 8 wk of training on the maximum running speed (MRS), step rate, step length, step time, contact time, eccentric and concentric phase of contact time (EP, CP), flight time, selected posture characteristics of the step cycle, and 6-s maximal cycle sprint test. Results: MRS, step rate, contact time, and step time were improved significantly in a 35-m sprint test for the U+D group (P < .01) after training by 4.3%, 4.3%, −5.1%, and −3.9% respectively, whereas the H group showed smaller improvements, (1.7% (P < .05), 1.2% (P < .01), 1.7% (P < .01), and 1.2% (P < .01) respectively). There were no significant changes in the C group. The posture characteristics and the peak anaerobic power (AWT) performance did not change with training in any of the groups. Conclusion: The U+D training method was significantly more effective in improving MRS and the kinematic characteristics of sprint running than a traditional horizontal training method.
et al 24 found decreases in MRS, step rate, and step length by 15.6%, 7.4%, and 14.2% respectively when sprinting in 4.9° uphill slope. Positive claims have been made for the effects of downhill and uphill training on the kinematic characteristics on horizontal running, 1, 5 but only two studies have reported experimental data. Tziortzis 6 showed that after 12 wk of training on a downhill slope of 8° the MRS increased by 2.1% and the step length increased by 1.4%, whereas the step rate did not change. Paradisis and Cooke 7 have reported that after 6 wk of training on a downhill slope of 3° the MRS increased by 1.1% and the step rate increased by 2.3%, whereas the step length did not change. For uphill training, Tziortzis 6 reported that the MRS and step rate increased by 3.3% and 2.4% respectively, although the changes in step length were not statistically significant, whereas Paradisis and Cooke 7 reported no statistically significant changes after the uphill training.
There have also been positive claims for the benefits of training on combined uphill and downhill sloping surfaces, although again these claims have not been substantiated with published experimental data. 1, 5 Only Paradisis and Cooke 7 have assessed the effects of 6 wk combined uphill-downhill sprinting training, on sloping surfaces of 3° and showed improvements on MRS and step rate by 3.5% and 3.4% respectively. In addition, the horizontal training and control groups did not produce any statistically significant changes.
The aim of this study was to evaluate further the effects of 8 wk of training on combined uphill and downhill sloping surfaces of 3° compared with both training on the horizontal and a control group in terms of the kinematic and posture characteristics of sprinting and performance in the 6-s maximal cycle sprint test (MCST). The current study will, therefore, either confirm or refute the findings of the previous preliminary study 7 using more appropriate group sizes and provide a comparison of training effects for 8 wk with those reported for 6 wk.
Methods
Fifty-four male sport and physical education students participated in this study (age 24.1 ± 2.1 years, mass 75.3 ± 10.2 kg, height 1.75 ± 0.08 m). All subjects were active in different sports but none was a sprinter; their mean MRS was 8.20 ± 0.74 m·s −1 . However, to participate in this study, all subjects were asked to terminate any other sport activity. Informed consent was obtained from each participant before data collection, where the study was granted with ethics approval by the appropriate board of the university. A wooden uphill-downhill platform was used and it was covered with synthetic track surface. The width of the platform was 1.20 m and the total distance covered was 80 m: 20 m horizontal, 20 m uphill at 3° slope, 10 m horizontal, 20 m downhill at 3° slope, and 10 m horizontal (Figure 1 ).
Training
The participants were randomly assigned to three groups:
• U+D was trained on the uphill-downhill platform (n = 18) • H was trained on the horizontal (n = 18) Figure 1 -The uphill-downhill platform.
• C was the control group and did not train (n = 18)
After completion of a 20-min warm-up, both training groups performed 6  80 m sprints at maximal intensity per session, three times a week, where the time between repetitions (10 min) was sufficient for the participants to recover fully. 8 This training program continued until the fourth week, after which one repetition was added for both training groups, for each of the remaining 4 wk (training sessions for the last week were 10  80 m). Group C maintained their normal physical activities throughout the experimental period without performing any kind of training.
Testing
Pre-and posttraining tests were employed to evaluate the effects of training on the kinematic and posture characteristics of sprinting and AWT performance. The sprints were performed in a corridor 60 m long and 2.5 m wide in the biomechanics laboratory, and the floor was covered with a synthetic track surface (tartan) 55 m long and 2.5 m wide. The corridor was well lit and the ambient temperature was 25 o C. After completion of a 20-min warm-up, the participants performed three maximal sprint runs over a 35-m distance using a standing start. The time between the repetitions (10 min) was sufficient for the participants to recover fully. 8 The adoption of three trials for each participant was to establish the magnitude of variability associated with repeated trials.
A Kodak EktaPro 1000 high-speed video camera was used to collect recordings of the sagittal plane of a full stride (two consecutive steps) of all three maximal sprint runs, sampling at 250 Hz. Filming was performed with the camera placed at the 35-m distance (so it should be near to MRS as evidence from the literature has showed that MRS is achieved at about 30 m 9,10 ) and 10 m from the performance plane such that its optical axis was approximately horizontal, forming an angle of 90° with the horizontal plane of running. For the digitization process, a metal calibration frame (2  2 m) was filmed such that the x-axis was parallel to the horizontal and the y-axis was perpendicular to the horizontal.
Analysis of the Video Data
The hardware of the digitizing system comprised a video projector Imager LCD 15E (General Electronic, USA), a TDS Graphic tablet and controller (x,y resolution, 0.025 mm; active area 1.20  0.90 m), interfaced with an IBM computer that ran the digitizing program DIGIT (Leeds Metropolitan University). A standard 17-point, 11 14-segment model of the human performer based on the data of Dempster 12 was used to represent the human performer and to calculate the position of the center of mass. Reliability of the digitizing process was established in previous study 3 by repeated digitizing of one sprinting sequence at the same sampling frequency with an intervening period of 48 h. Contact time, flight time, step time, step length, flight distance, step rate, and MRS were calculated according to methods reported previously. 3 The comparison of left and right foot contact times was performed using the limits of agreement method (calculating the mean ± s of the differences between left and right feet, where the boundaries of agreement based on the expression  ± 1.96). 13 Additionally, the following were calculated according to methods reported previously 3 : the touchdown and take-off angles of the knee (), hip (), shank to running surface (), trunk to running surface (; trunk angle was determined by the line between the hip and glenohumeral joints of the right side of the body), and the distance parallel to the running surface between a line perpendicular to the running surface that passes through the center of mass and the contact point at touchdown (DCM TD) and at take-off (DCM TO; Figure 2) 
6-s Maximal Cycle Sprint Test
A 6-s maximal cycle sprint test (MCST) was used to determine the peak anaerobic power and consisted of a 6-s maximal sprint on a modified cycle ergometer (Monark 814E) against a braking force of 0.075 kg·kg −1 of body mass. This test was included to establish whether any adaptations to training transferred to a different mode of exercise than that used in sprint running training. These data will be useful in characterizing the specific and general responses to sprint training using running on sloping surfaces. Initially, the participants were instructed to perform a warm-up activity for 5 min by cycling at 60 rpm with 1.5 kg of load. After a 5-min rest period, each participant performed three all-out trials and the best of the three trials was analyzed. The participants were instructed to attain an Figure 2 -Location of the body landmarks and visualization of the angles: knee (), hip (), shank to running surface (), trunk to running surface (), and the distance parallel to the running surface between a line perpendicular to the running surface that passes through the center of mass and the contact point at touchdown and takeoff. Note that in terms of simplicity the ipsilateral and contralateral hip/glenohumeral joints appeared to be in the same position; however, this was not the case.
initial pedaling frequency of 80 rpm with 0.5 kg of resistance. When this pedal rate was achieved, the load was applied and the participants accelerated, pedaling maximally for 6 s. The time between repetitions (10 min) was sufficient for the participants to recover fully. 8 
Statistical Analysis
A three-way ANOVA with repeated measures on two factors (trial and test) was used to establish if there were any significant differences between the trials, the tests (pre and post) and the groups (training groups) and any interaction effects. Each dependent variable was analyzed using a separate ANOVA. A multivariate analysis of variance, used to analyze all dependent variables, was not completed as there were insufficient participants for the required degrees of freedom. In the event of significant main effects, a post hoc Tukey test was used to locate the differences. The significance level for the tests was set at P < .05.
Results

Comparison of the Three Trials
To assess the consistency between the three trials, a comparison was performed across the groups. Factors that could affect the consistency include fatigue, lack of familiarization, boredom, natural variation, insufficient warm-up, and lack of motivation. There was no significant difference in all the analyzed variables between the three trials for all the groups.
Comparison of Left and Right Leg
In the analysis of the pre-and posttraining tests, contact time was measured from the left foot throughout. This was justified through a comparison of left and right foot contact times using the limits of agreement method. 13 The mean ± s of the differences between left and right feet was 0.001 ± 0.003 s and the boundaries of agreement were −0.008 and 0.005 s (heteroscedasticity correlation was close to zero). Given these results it was concluded that there were no significant differences between the contact times for the left and right foot.
Effects of Different Training Methods
Kinematic Characteristics. MRS increased significantly after 8 weeks of training for the U+D group by 4.3% and for the H group by 1.7%, whereas for the control group did not change significantly (Table 1 ). In the U+D group, all participants produced increases in the MRS (0.35 ± 0.21 m·s −1 , ranged from 0.10 m·s −1 to 0.89 m·s −1 ), whereas in the H group thirteen participants increased their MRS (0.21 ± 0.15 m·s −1 , ranged from 0.05 m·s −1 to 0.53 m·s −1 ). Finally, the repeatedmeasures ANOVA showed no significant differences between the groups for all the pretraining tests.
Similarly, step rate increased significantly for U+D group (4.3%) and H group (1.2%), whereas it did not change significantly for the C group (Table 1) . Table 1 Fifteen participants increased their step rate for the U+D (0.23 ± 0.10 Hz, ranged from 0.04 Hz to 0.39 Hz), whereas in the H group 14 participants increased their step rate (0.06 ± 0.05 Hz, ranged from 0.01 Hz to 0.15 Hz).
The contact time decreased significantly for U+D group (5.1%) and H group (1.7%) after the 8 weeks of training, whereas it did not change significantly for the C group (Table 1) . Sixteen participants reduced their flight time in the U+D group (8 ± 5 ms, range = 1 to 19 ms), whereas 15 participants reduced it in the H group (5 ± 4 ms, range = 1 to 15 ms).
Step time decreased significantly for U+D group by 3.9% and for H group by 1.2%, whereas for the C group it was not significantly different (Table 1) . Fifteen participants shortened their step time for the U+D group (14 ± 6 ms, range = 3 to 23 ms), whereas 14 participants shortened it for the H group (4 ± 3 ms, range = 1 to 9 ms).
Finally, step length remained unaltered for U+D, H and C groups (Table 1) , the flight time showed a trend toward a decrease by 3.1% for the U+D group after the 8 weeks of training but this was not statistically significant. The step length for the H and C groups remained unaltered (Table 1) .
Concentric and Eccentric Phases of Contact.
The concentric phase of the contact time decreased significantly for the U+D group after the 8 weeks of training (11.5%), whereas for the H and C groups it did not change significantly (Table  2 ). There were no significant changes in the eccentric phase of the contact time for all groups, after the 8 weeks of training (Table 2 ).
Posture Characteristics. There was generally a small effect on the posture characteristics for touchdown and take-off after the 8 weeks of training. The U+D group showed significant changes in the knee (3°) and shank (3°) angles for the contact phase and the hip angle (6°) for takeoff after the 8 weeks of training, whereas the H group showed significant changes in the hip angle during the contact phase by 3° and during the takeoff phase by 2°. The C group did not show any significant changes (Table 3 and Table 4 ). Abbreviations: U+D = combined uphill and downhill training group, H = horizontal training group, C = control group, CI = confidence interval, EP = eccentric phase of contact time, CP = concentric phase of contact time. Peak Anaerobic Power. The results of the best trial of the 6-s MCST showed no significant differences between the pre-and posttraining tests for the MCST for any group (from 1207.7 ± 172.9 to 1219.3 ± 187.3 W for U+D, from 1085.4 ± 188.9 to 1098.3 ± 198.8 W for H group and 1067.3 ±1076.7 ± 291.9 W for the C group). These findings suggested that the training had not increased the ability to generate a higher peak anaerobic power output in an alternative mode of exercise.
Discussion
The methodological procedures used for digitization and calculation of kinematic and posture variables, for the comparison of repeated trials and for the comparison of the left and right step shown to be consistent enough for the effective comparison of adaptations to various sprint training methods against a control group. There were no significant differences between the pre-and posttraining tests for all the analyzed variables in the C group, where other studies 6, 14, 15 reported similar results. The results of the current study were not influenced by a learning effect, which means that the familiarization of the subjects before the pretraining test was sufficient. Therefore, it can be argued that if any pre-to posttesting changes occurred, these could be attributed as the effect of the training. The H training method produced significant increases in MRS (1.7%) and step rate (1.2%), whereas contact time decreased (1.7%) as did step time (1.2%) after training, with only minor changes in posture characteristics. Dintiman 16 after 8 wk of horizontal training, observed an improvement of 5.2% in performance for 50 m, whereas Suellentrop 17 found a 2.5% improvement in 100-m performance after 6 wk of training, but there are no experimental data regarding changes in step rate, step length, contact time, and flight time, in the literature. However, as the correlation between MRS and performance is very high (r = .90) 18, 19 it can be concluded that the current study has produced findings that are consistent with those predicted by the limited literature for subjects of similar level of expertise. The results of this study showed that traditional horizontal training produced small improvements in step rate, contact and step time, variables that influence MRS.
The U+D training produced an increase in MRS of 4.3%, which were accompanied by an increase in step rate by 4.3%, whereas the step length did not change. The increase in step rate was mainly due to a shorter step time (−3.9%), which was affected by the shorter contact time (−5.1%). The U+D training produced an 11.5% decrease in the concentric phase of contact time after training, whereas the eccentric phase did not show any significant changes. This is arguably the most important adaptation to training, which may account for the improvement in running speed. In addition, the shortening of the concentric (propulsive) phase and effectively the shortening of contact time could be interpreted as an improvement of muscle power. 1, 21, 25 However, in the context of this study the suggestion of improvements in the force-time (power) muscle's characteristics is hypothetical, as no measurement of power was conducted. In addition, the lack of changes in the eccentric phase is rather surprising, as a reduction of this phase was expected. Slawinski et al showed the vastus lateralis was less active but for a longer time during the concentric phase in uphill sprinting of ~3° (MRS 6.28 ± 0.38 m·s −1 ), whereas no differences occurred during the eccentric phase. 24 However, Gottschall and Kram showed a decrease in eccentric impulse and an increase in the concentric impulse during similar uphill sprinting. 29 The role of eccentric and concentric phases in the improvement of MRS as well as the changes of the muscles activation during uphill and downhill sprinting needs move evaluation.
Despite the significant changes that occurred in almost all the kinematic variables after the training period, U+D training did not produce significant changes in the posture characteristics. The only exception was an increase in the shank angle of 3° at contact, which can be explained by the increase of the knee angle (3°) and a decrease in the hip angle at take off by 6°, all of which can be explained by the decrease of the concentric phase. It can therefore be concluded that the combined uphill-downhill training method did not significantly alter the subject's running technique.
Overall, the superiority of the U+D training method was clear from the results, with statistical analysis demonstrating that the improvements produced were significantly greater than for the H training method. There are few reports in the literature concerning the effects of U+D training methods, suggesting that a combination of training methods (uphill and downhill) should produce better results than any other training method 1 and indicating that a combination of uphill and downhill training would produce significant improvements in all the kinematic characteristics of sprint running. [20] [21] [22] These suggestions are supported by the findings of the current study, which showed that the combined method of training on the uphill, horizontal, and downhill produced significant improvements in almost all the kinematic variable analyzed. In contrary, the results indicated that the training employed did not improve performance in the 6-s maximal cycle sprint test. It seems that the generation of forces to produce peak power in the 6-s test is based on a different adaptation to that seen in the sprint running groups, which was not stimulated with the specific sprint running training regimen used in the current study.
It can be argued that a faster sprinting speed could be attained by shortening the step time while the step length remained the same. The step time could be shortened by reducing the contact time and keeping the flight time the same, as was the case for the U+D group. However, if the contact time was shortened and the muscle force remained the same, the impulse produced by the muscles would decrease (I = F  t). In such a scenario, the gain from a shortened contact time should be lost by producing a smaller step length, but step length did not change in the U+D group. So, as the impulse would be the same and the contact time shortened, the muscle force must be increased to produce a higher step velocity. As the MRS was increased, the contact time was shortened and the step length remained the same in the U+D group, it could be hypothesized that muscle force was improved. This hypothesis is partially supported by Wood's 23 conclusion that to increase MRS, athletes should increase the muscle force of the hamstring. Studies have demonstrated enhanced muscular loading applied to the hip, knee and ankle extensors [25] [26] [27] [28] during uphill running (in lower range of speed ~4.5 m·s-1), whereas Slawinski 24 showed a decreased activation of the hamstrings muscles during contact time (running at 6.28 m·s −1 ) in ~3° uphill running; however, no data are available regarding muscle activation during downhill running. It seems that there may be a link between the force-time characteristics of the muscles and the production of shorter contact time and eventually the production of greater MRS, but this needs further evaluation, since in the context of this study no measurement of muscle force was conducted.
A comparison of the findings from the current study with those previously published 7 showed a greater magnitude of training response in the current study, in similar subject expertise ( the MRS, step rate, contact time, and step time were improved for the U+D group by 4.3%, 4.3%, 5.1%, and 3.9% respectively, whereas in the previous study 7 the MRS, step rate, and step time were increased by 3.5%, 3.4%, and 3.3% respectively, but the contact time did not change significantly). It is possible that the greater magnitude of change in the current study might be partly due to the longer training period, as the subjects' level of expertise was similar (8 wk vs. 6 wk in the previous study 7 ). This suggests that the specific training adaptations associated with the combined uphill-downhill methods continue while the training stimulus is applied. However, this particular interpretation must be made with caution, since the only way such a claim can be objectively evaluated is to monitor the training adaptations longitudinally throughout the training program. Further work is therefore required to substantiate this suggestion, but the magnitude of training response for the U+D method is certainly encouraging in comparison with horizontal sprint training.
During running on the platform, subjects experience a 20-m resistive stimulus (uphill), followed by a 10-m normal stimulus (horizontal) and after that a 20-m facilitative stimulus (downhill). During the resistive stimulus the neuromuscular system will be overloaded owing to extra resistance (5% of the body weight because of the 3° slope). 7 By repetitive application for a certain time, the body will adapt to that extra load and as a result some trends of change in the MRS and kinematic characteristics of horizontal running occur. However, in downhill, an extra propulsive force (5% of the body weight because of the 3° slope) produces a supramaximal speed. 7 During the uphill part of the platform, the MRS would be reduced by 2.9% whereas during the downhill part the MRS would be increased by 8.4%, producing a net increased in the average running speed, over the whole distance (80 m), compared with maximum horizontal running. 2 With training, the body adapts to this stimulus and increases MRS by improving some of the kinematic characteristics. The results of both the previous 7 and present studies suggest that this quick transition from the first stimulus to the second, from one form of overload to another, benefited the neuromuscular system. The immediate transition from the overload status to the facilitated status seems to be a key factor in enhancing the training adaptation. However, to investigate some of the possible mechanisms that produce this adaptation further work is needed. It is important to identify the effects of training on the maximum force and the force-time characteristics from the dominant muscles during sprinting, to have some information on possible cause and effect.
Practical Applications
The U+D training method was significantly more effective in improving the maximum sprinting speed and the associated kinematic characteristics of sprint running in active sports subjects than an equivalent horizontal training method, with little change in running posture. The correlation coefficient between MRS and resulting performance in the 100 m was reported as 0.90 and 0.96 for male and female sprinters respectively, indicating the importance of the maximum speed for high-level performance. 30, 31 Similarly, Tziortzis 6 found a correlation 0.88 between MRS and resulting performance. Susanka et al, 31 interpreting these results, reported that MRS seems to be the most important factor in male sprinters in the 100-m race. So, it could be speculated that the combined uphill-downhill training method is more effective in improving performance in short distance sprinting events. This study therefore provides further objective evidence substantiating the efficacy of the combined U+D training method for improving maximum horizontal sprinting speed, which is important in a range of sports, including athletics and a variety of major team games.
